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REMARKS 

Reconsideration and withdrawal of the claim rejections are requested in view of the 
amendments and remarks herein. 

I. STATUS OF CLAIMS AND FORMAL MATTERS 

Claims 12-15 and 18-22 are under consideration in this application. Claim 12 has been 
amended to overcome the Examiner's objection. Claims 19-22 have been added; claims 16-18 
have been amended to modify dependency. No new matter is added. 

It is submitted that the claims, herewith and as originally presented, are patentably 
distinct over the prior art cited by the Examiner, and that these claims were in full compliance 
with the requirements of 35 U.S.C. §112. The amendments of and additions to the claims, as 
presented herein, are not made for purposes of patentability within the meaning of 35 U.S.C. 
§§§§ 101, 102, 103 or 1 12. Rather, these amendments and additions are made simply for 
clarification and to round out the scope of protection to which Applicants are entitled. 
Furthermore, it is explicitly stated that the herewith amendments should not give rise to any 
estoppel, as the herewith amendments are not narrowing amendments. 

II. THE DOUBLE-PATENTING REJECTION IS ADDRESSED 

Claims 12-15 and 18 were provisionally rejected under the judicially created doctrine of 
obviousness-type double patenting as allegedly being unpatentable over claims 84-91, 93-95, 
141-143, 149 and 150 of U.S.S.N. 09/760,574. The rejection is traversed. 

Claims 84-95 of U.S.S.N. 09/760,574 are directed to a DNA vaccine comprising a 
plasmid that expresses an immunogen of a bovine pathogen and a cationic lipid containing a 
quaternary ammonium salt. However, the claims of U.S.S.N. 09/760,574 do not render obvious 
the immunogenic composition of claims 12-15 or the kit of claim 18. 

Further, the issue of whether there is indeed double patenting is contingent upon whether 
the claims of the pending applications are indeed allowed. For example, claims 141-143, 149 
and 150 of U.S.S.N. 09/760,574 have been withdrawn from consideration, and may be cancelled 
and pursued in a separate application. If, upon agreement as to allowable subject matter in this 
application, it is believed that there is still a double patenting issue, the necessary Terminal 
Disclaimer(s) will be filed at that time. 

Accordingly, reconsideration and withdrawal of the double patenting rejection, or at least 
holding it in abeyance until agreement is reached as to allowable subject matter, are requested. 
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III. THE REJECTION UNDER 35 U.S.C §103 IS OVERCOME 

Claims 12-15 and 18 were rejected under 35 U.S.C. §103(a) as allegedly being 
unpatentable over Klippmark et al in view of Suzu et al and in further view of Feigner et al and 
Crowe et al These references were also considered in light of the teachings of Wathen et al and 
Babiuk et al The rejection is traversed. 

The instant invention relates to an immunogenic composition or vaccine against BPIV-3 
comprising a DNA plasmid that expresses BPIV-3 HN protein, F protein or both HN and F 
proteins. As is demonstrated by the data presented in the attached Declaration by Dr. Jean- 
Christophe Audonnet under 37 C.F.R. §1.132, the claimed compositions are efficacious as 
vaccines in bovine animals. As is stated in the paragraph beginning on page 1, line 11, of the 
specification, a significant cause of viral spreading is via excretion by infected animals. The 
experiments that are summarized in Dr. Audonnet 's Declaration show that excretion of the virus 
is dramatically reduced in vaccinated animals after challenge with BPIV-3. The reduction of 
viral excretion after vaccination reduces the risk of contamination between animals, and 
consequently, limits the spread of disease among livestock, solving a significant problem in the 
art. The fact that the plasmid DNA compositions of the invention can act as vaccines and confer 
protection is surprising and unexpected. 

As pointed out by the Examiner, Klippmark does not teach a plasmid vaccine against 
BPIV-3. Klippmark does not even teach "that the BPIV-3 HN and F proteins are immunogenic 
against infection by the virus, and that vaccines comprising these subunits are known to confer 
protection against the virus in animals", as alleged on page 6 of the Office Action. What 
Klippmark does teach is the characterization of human and bovine PIV strains using monoclonal 
antibodies. Klippmark mentions vaccines against PIV-3 in the first paragraph; however, it does 
not provide any data, it simply cites other studies: 

Several studies have shown that animals may be protected with whole virus and 
subunit vaccines containing both human and bovine PIV3 components (Morein et 
al, 1983; Ray et al, 1985). The two surface glycoproteins HN and F are 
important for the establishment of protection against disease (Morein et al, 1983; 
Spriggs et al, 1987). A mixture of both surface glycoproteins, HN and F (Ray et 
al, 1988a), can induce protection against PIV3, as do HN and F proteins 
expressed by vaccinia virus and baculo virus recombinants (Spriggs et al, 1987; 
van Wyke Coelingh et al, 1987 [sic]). 

The Morein reference (copy enclosed) shows that HN and F proteins, administered as 
multimeric micelles, elicited an immune response in mice, but not in lambs unless an adjuvant 
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was added to the preparation. On page 1 567, the authors state that they do not know why the 
adjuvant was necessary in lambs, but hypothesize that "it may be due to species differences". 
Therefore, they were clearly unable to extrapolate their results from rodents to ruminants. They 
also state, on the same page, that "the problem of efficient presentation of the antigen remains". 
So, not only are recombinant DNA vaccines not taught or suggested in Morein, the authors were 
unable to demonstrate ideal, or even consistent results using subunit vaccines. 

Ray (1985; abstract enclosed) showed an immune response in hamsters immunized with a 
combination of HN and F proteins, but not with inactivated whole virus that also contains HN 
and F proteins. As was true with Morein, predictable results were not obtained in hamsters by 
Ray. Given the potential interspecies variability demonstrated by Morein, there is no reason to 
think that either the teachings of Morein or Ray could be extended to bovine animals. 

Spriggs et al (copy enclosed) deals with the inoculation of cotton rats with recombinant 
HN and/or F proteins, prepared from cells infected with vaccinia virus. Vaccinia virus was used 
in this study simply as a mechanism to produce recombinant proteins . In the last sentence of 
Spriggs, the authors state that their study could be a useful foundation for further investigations, 
such as "for testing the general usefulness of live recombinant viruses as vaccines". So not only 
does Spriggs not teach how to use a recombinant virus as a vaccine, it states that the feasibility of 
doing so was in doubt. Furthermore, there is no teaching or even suggestion in Spriggs that a 
DNA plasmid vaccine would be effective in an immunogenic composition or vaccine against 
BIV-3. Similarly, van Wyke Coelingh et al. (abstract enclosed) showed an immune response in 
cotton rats inoculated with recombinant HN protein produced in baculoviral vectors. In addition 
to not teaching or suggesting the instant invention, as discussed above, the efficacy of the same 
composition may vary between rodents and bovines. 

As discussed above, the attached Declaration by Dr. Jean-Christophe Audonnet provides 
data demonstrating that similar immune responses are elicited in cattle vaccinated with the 
currently claimed immunogenic composition or vaccine, when compared with a commercially 
available live attenuated virus vaccine. This evidence clearly shows that the claimed 
compositions are efficacious in the relevant animals. Given the failure of the art to teach a 
plasmid DNA vaccine against BPIV-3 that is effective in bovines, these results are surprising and 
unexpected. 



6 



00154763 



PATENT 
454313-2250.1 

In view of the above, it is submitted that Klippmark does not teach "that the BPIV-3 HN 
and F proteins are immunogenic against infection by the virus, and that vaccines comprising 
these subunits are known to confer protection against the virus in animals", as is stated on page 6 
of the Office Action. At best, Klippmark only refers to studies that relate to the use of PIV-3 HN 
and F proteins in vaccines that were tested on rodents. The references cited by Klippmark, 
particularly Morein et al, provide no expectation of success in larger animals. Further, these 
references cannot be extrapolated to the instant invention because there is no indication that the 
results achieved by administration of a protein-based vaccine correlate with those of 
administration of a DNA plasmid-based vaccine. 

While Suzu et al. supplies the RNA and deduced amino acid sequences of BPIV-3 HN 
and F proteins, it does not remedy any of the deficiencies of Klippmark. 

Further, Feigner provides broad suggestions regarding the potential use of DNA plasmids 
as vaccines; however, Feigner does not teach plasmids encoding BPIV-3 proteins. In addition, 
the only in vivo data relating to viral antigens provided by Feigner deals with HIV proteins 
expressed in mice. As discussed above, results obtained in mice cannot be extrapolated to larger 
animals, particularly in the complicated area of immune response. Also, Feigner does not teach 
or suggest the use of plasmids in eliciting an immune response against BPIV-3, which is of a 
completely different genera, family and order than HIV. (BPIV-3 is a paramyxovirus, whereas 
HIV is a lentivirus.) There is no indication, teaching or suggestion that any of the experiments in 
Feigner can be applied to the instant invention. 

Crowe provides a non-enabling report of studies conducted by other parties. The section 
dealing with DNA immunization teaches away for the instant invention by suggesting that 
vaccination with plasmids expressing influenza A virus proteins " might prove useful in 
immunization strategies for RSV and PIV3" (p. 419). No plasmid construction or result of 
vaccination of bovines against BPIV-3 is described in this document. 

Babiuk et al relates to herpesvirus- 1, and is not relevant. Wathen also teaches away 
from the instant invention, as it advocates the use of a glycoprotein that is a chimera between HN 
and F to improve a vaccine. 

The Examiner is respectfully reminded that "obvious to try" is not the standard for 
formulating a prima facie case of obviousness under 35 U.S.C. §103. In re Fine, 5 U.S.P.Q. 2d 
1596, 1599 (Fed. Cir. 1988). Also, the Examiner is additionally respectfully reminded that for 
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the Section 103 rejection to be proper, both the suggestion of the claimed invention and the 
expectation of success must be founded in the prior art, and not Applicants' disclosure. In re 
Dow, 5 U.S.P.Q.2d 1529, 1531 (Fed. Cir. 1988). 

In this case, the Office Action relies on the combination of six different references, some 
of which do not teach anything at all, but rather, report results obtained by other researchers. 
Although it may have been obvious to try a DNA plasmid vaccine against BPIV-3, given the 
variability between viruses and the incongruous results obtained from one animal species to the 
next, there has been no demonstration by the Examiner that the skilled artisan could reasonably 
have expected success in bovines using an immunogenic composition or vaccine containing a 
plasmid with DNA encoding BPIV-3 HN and/or F proteins. The fact that the inventors of the 
instant application have been able to demonstrate efficacy is surprising and unexpected. 

Although the cited references have been dealt with somewhat individually above, the 
failings of the cited references to predict, teach or suggest the success of the claimed invention 
are not remedied by combination with one another. It is therefore submitted that the claimed 
invention is not obvious over the cited references. Therefore, reconsideration and withdrawal of 
the 35 U.S.C. §103 rejection are respectfully requested. 



In view of these amendments, remarks, and the Declaration under 37 C.F.R. §1.132, the 
application is believed to be in condition for allowance. Early and favorable reconsideration of 
the application, reconsideration and withdrawal of the rejections, and prompt issuance of a 
Notice of Allowance are earnestly solicited. 



CONCLUSION 



Respectfully submitted, 



FROMMER LAWRENCE & HAUG LLP 
Attorneys for Applicants 




Thomas J. Kowalski 
Reg. No. 32,147 
Tel (212) 588-0800 
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Protein Subonit Vaccines of Parainfluenza Type 3 Virus: Immunogenic 

Effect in Lambs and Mice 

By BROR MOREIN, 1 MIKE SHARP,* BO SUNDQUIST and KAI SIMONS" 
1 Department of Virology, Faculty of Veterinary Medicine, National Veterinary Institute 
Biomedical Center. Uppsala, Sweden, 2 Moredun Institute, Edinburgh, U.K. and 1 European 
Molecular Biology Laboratory, Heidelberg, Federal Republic of Germany 

(Accepted 17 February 1983) 

SUMMARY 

Protein subunit vaccines were prepared from a mixture of the haemagglutinin (HN) 
and fusion (F) glycoproteins of parainfluenza type 3 virus (PI-3). The glycoproteins 
were isolated in three different forms and characterized by their sedimentation 
coefficients : 30S protein micelles (a complex of several HN and F glycoproteins devoid 
of detergent and lipid), 18S protein-TX complexes (a complex of several glycoproteins 
containing the detergent Triton X-100), and 4S protein-TX complexes (probably 
monomers of the glycoproteins complexed to Triton X-100). These preparations were 
tested as vaccines in mice and lambs. The immune response in the mice was assayed 
both in the serum and in extracts from the lungs using an ELISA technique. Both of the 
multimenc complexes were highly immunogenic. The 30S protein micelles induced a 
high antibody response after two injections with either 10 or 1 (ig protein. The serum 
IgG titres reached levels of about 90 ng/ml and 40 ug/ml respectively. Similar litres 
were reached with the 1 8S protein-TX complexes. After two injections of either the 30S 
or the 18S complexes IgA antibody responses were detected in the lung extracts. The 4S 

poor immunogens and induced low antibody responses in 
mice. The lambs were vaccinated with the 30S protein micelles, and the immune 
response was evaluated serologically and in challenge experiments. The 30S protein 
micelles m an oil adjuvant induced detectable serum antibody titres as well as 
protective immunity against the pneumonia caused by the PI-3 virus. 

s 

INTRODUCTION 

The effects of vaccines against virus-diseases may be hampered by adverse reactions caused 
by components in the vaccines not necessary for induction of immunity. The safety of virus 
vaccines can be considerably improved by purification of the essential viral antigens For 
enveloped viruses the surface glycoproteins seem to be the main antigens required to induce a 
protective immune response (Bachmayer et at., 1976; Cox et al. 1977; Hilleman, 1976- 
Hunsmanncf al., 1981 ; Men era/.. 1980), but so faragenerally applicable method for preparing 
effective vaccines from isolated surface proteins is lacking. Previous methods using a 
combination ot cyanic solvents and detergents (e.g. Tween-ether) have given variable results 
(Ginsberg, 1975; Gross et al., 1977). Methods based on detergent extraction alone have proved 
more efficient (Bachmayer et al., 1976; Brady & Furminger, 1976). Our own studies have 
shown that the physical form of a membrane antigen has a considerable influence on its 
lmmunogenicity. We isolated the surface glycoproteins of Semliki Forest virus in three different 
forms using mild non-denaturing conditions (Helenius & Simons, 1975) : (i) as protein monomers 
(complexed to detergent), (ii) as protein micelles (soluble spike protein octamers virtually devoid 
ol lipid and detergent), and (iii) as virosomes, in which the glycoproteins were reconstituted into 
liposomes of egg lecithin. When these preparations were tested as vaccines against the lethal 
encephalitis caused by the virus in mice, it was found that the multimeric forms of the protein, 
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the protein micelles and the virosomes gave exceptionally efficient protection whereas the 
protein monomers were ineffective (Morein et al, 1978). 

We are now extending our studies on the correlation of immunogenicity with antigen 
presentation to parainfluenza type 3 (PI-3) virus, a paramyxovirus. This virus causes local 
infections in the respiratory tract of man, lambs and in other animals. We have prepared 
different forms of the surface glycoproteins, the haemagglutinin/neuraminidase (HN) and the 
fusion (F) proteins and tested their immunogenic properties in mice and lambs. Our results show 
tha ^? r0t - n ™ ic ^ i!( * (tt * e multimeric forms) are efficient immunogens in mice, 'i n lambs an* 
aojuvam nad to be added to mouce a protective immune respo nse, koine oi the results have been 
reported previously m a preliminary form [Simons et al, 19&IT; Morein et a/., 1981). 

METHODS 

Virus growth and purification. Two strains of PI-3 virus were used. The Umea 23 strain was propagated in 
secondary calf kidney cells using Hanks* balanced salt solution with 0-5% lactalbumin hydrolysate, 2% horse 
serum and antibiotics, and this strain was used for the experiments with mice. The G2 strain was propagated in 
secondary foetal lamb kidney (Flk) cells using Eagle's minimal essential medium with 10% lactalbumin 
hydrolysate, 0-5% foetal bovine serum and antibiotics, and this virus was used for the experiments with lambs. 
The virus was concentrated by hollow-fibre filtration (Amicon DC-2; exclusion limit 100000 daltons), and 
purified by centrifugation through 30% (w/w) sucrose in 0-05 M-Tris-HCl pH 7-4, containing 0-1 M-NaCl (TN) 
onto a cushion of 60% (w/w in TN) sucrose for 40 min at 4 °C and 25000 rev/min in a SW27 Beckman rotor. The 
sucrose was removed by suspending the virus-containing fractions in TN followed by pelleting at 25000 rev/min 
for 40 min at 4 °C in a SW27 Beckman rotor. The pellet was resuspended in TN to a concentration of about 10 
mg/ml. The amount of virus protein was determined by the Lowry method (Lowry et art., 195 1) with 3-5 mM-SDS in 
the reaction mixture. The surface glycoproteins of the virus were labelled with the galactose oxidase- 
PHJborohydride procedure (Luukkonen et a/., 1977). The labelled PI-3 virus was separated from non-bound 
[ J H]borohydride by centrifugation through 30% (w/w) sucrose onto a cushion of 60% (w/w) sucrose 
Isolation of PJ3 virus surface glycoprotein preparations 
Protein micelles. The PI-3 protein micelles containing the virus surface glycoproteins, HN and F proteins were 
prepared essentially as described by Helenius & von Bonsdorff (1976) and Simons et al (1978). About 1 mg of PI-3 
virus in TN was solubilized, with 2% Triton X-100 together with 3 H-labelled virus. A sample volume of about 
200 ul was layered onto 300 uJ 15% sucrose containing I % Triton X-100 and TN over a 12 ml sucrose gradient in 
TN ranging from 20 to 50% (w/w). The centrifugation was performed at 40 000 rev/min for 22 h at 20 °C. Fractions 
of 500 ul were collected from the bottom and aliquots were measured for radioactivity. The pooled fractions were 
dialysed against 0 005 M-Tris-HCl, 0 01 M-NaCI, pH 7-4, for 20 h in the cold, and concentrated by iyophilization. 
This preparation had a sedimentation coefficient of about 30S (see later) and is referred to as the 30S protein 
micelles. In some of the vaccination experiments 30S protein micelles were mixed with an equal volume of mineral 
oil adjuvant (Bayol-Falba). 

Pl-S virus surface glycoproteins complexed to Triton X-100. PI-3 virus was solubilized with Triton X-100 as 
described above, and centrifuged for 20 h at 39000 rev/min at 4 °C through a sucrose gradient composed of a layer 
of 200 ul 8% sucrose containing 1 % Triton X-100 in TN on top of a 12ml 10 to 30% sucrose gradient containing 
0 05% Triton X-100. About 50% of the HN and F glycoproteins sedimented in a peak with a sedimentation 
coefficient of about 1 8S and the other 50% sedimented much slower, at about 4S. The 1 8S complex is referred to as 
the I8S protein-TX complex (PI-3 virus glycoprotein complexed to Triton X-100) and the 4S complex is 
designated the 4S protein-TX complex. 

Other methods. Polyacrylamide gel electrophoresis was done in slab gels of 10% acrylamide, and 0*27% N.N*- 
methylenebisacrylamide in the presence of SDS in a discontinuous buffer system (Laemmli, 1970). The samples 
were prepared- with 1 % SDS and 1 % 2-mercaptoethanol and heated to 100 °C for 1 min. 

The PI-3 surface glycoproteins were isolated by lentil lectin chromatography. The HN and F polypeptides were 
solubilized by suspending the PI-3 virus (1 to 2 mg/ml) in 2% Triton X-100 in TN at room temperature for 60 min 
and then applied to a column of Lentil-Sepharose 4B (Pharmacia) equilibrated with TN buffer containing 0-5% 
Triton X-100. After the column had been washed with 5 bed vol. of equilibration buffer, the immobilized 
glycoproteins were eluted with 2-5% methyl-<x-r>mannoside dissolved in TN buffer. 

The surface glycoprotein preparations isolated by sucrose density gradient centrifugation were characterized by 
sedimentation velocity analysis as described by Martin & Ames (1961) using 29S Semliki Forest virus protein 
micelles, 19S thyroglobulin, and 7S IgG as standards. Electron microscopy of negatively stained preparations was 
done as described by Simons et al. (1978). The amount of actin was measured by the DNase inhibition assay 
(Blikstad et al. % 1978). 
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Table 1 . Vaccination of mice with parainfluenza 3 virus glycoproteins 
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♦ Extracts were collected from lung and trachea following necropsy of the mice, 6 weeks after the 2nd 
vaccination. 



Table 2. Vaccination of lambs with parainfluenza 3 virus 



Group 

A 
B 



No. in 
group 

4 

7 



Unvaccinated 
15 micelles 
TN buffer, 
intramuscular 
15 jig micelles 
Bayol-Falba, 
intramuscular 



Treatment at weeks after vaccination: 

A 



Unvaccinated 
15 jig micelles 

TN buffer, 

intramuscular 
15 jig micelles 

TN buffer, 

intramuscular , 



PI-3 virus: 
10 9 3 TCIDjo, 
intranasal + 
intratracheal 



Kill and 
necropsy 



Experimental animals 

Lambs. Hysterectomy-derived, colostrum-deprived iambs were reared under specific pathogen-free (SPF) 
conditions and allocated to groups as required. 

Mice. BALB/c male mice were used. They were 6 weeks old at the start of the experiment and were obtained 
from Bomholtgard Ltd, Ry, Denmark. 
Experimental designs 

Vaccination experiments in mice. The mice were kept in cages of five, allocated to groups of ten and treated 
according to the experimental protocol (Table 1 a, b). The mice were injected twice with an interval of 3 weeks 
subcutaneously with different doses of the PI-3 glycoprotein preparations. Blood samples were collected at weekly 
intervals by bleeding the mice from the retrobulbar plexus. Serum was prepared and stored at - 20 °C until used. 
The mice were exsanguinated and killed 4 or 6 weeks after the second vaccination. The lungs were removed and 
the immunoglobulins were extracted in TN at the proportion of 1 ml buffer to 1 g trachea or lung tissue (Waller et 
al., 1980). 

Vaccination experiments in lambs. Seventeen SPF lambs were used in the first experiment (Table 2) and 25 in 
the second. The lambs were injected intramuscularly with 1 ml of the respective vaccines. Blood samples were 
taken before vaccination and at weekly intervals thereafter until the end of the experiment. Sera were stored at 
- 20 °C until examined. Three weeks after the second vaccination, each lamb was injected intratracheaJly with 8 
ml and intranasally with 2 ml of the G2 strain of PI-3 virus (10 s 3 TCID 50 /ml, experiment 1 ; 10 7 ' 7 TCID J0 /ml, 
experiment 2). Nasopharyngeal swabs for virus isolation were obtained daily from each lamb, held in transport 
medium on ice and inoculated onto Flk cells within 2 h. Swabs were then stored at - 70 °C and positive samples 
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vKwaUnm, Uic doml w wm w*MM on lung dUgrans (W.Ik", „/.. |9 78 ) ! ' 

rroaucis, Kensington, Md., U.S.A.), or with rabb t ant -mouse IcM or I*A both l no/mi /m;uc i i~ * 7 

corrected by deducting the mean values of samples from non-vaccinated control mice vah,esshown were 

Th! SI^ r !T y W3S . <,uantified accordin B '° P«>cedure of McLean et el. (1980) 
The ELISA for detecting antibodies from sheep was performed in Dvnatech M 1 29A ni».T«L..«, 

incubated at room temperature for 3 h. The plates were washed tlJee times, 10o7oflbTtrate wataSd^ 

RESULTS 

^ W dmncterkation of the PJ-3 virus surface glycoprotein complexes 
The polypeptide pattern of the purified PI-3 virus preparation is shown in Fig 1(a) The 

K Z*e Sm » f t0 th . 1 dCSCribed for other Parainfluenza viruses aSTto thaf prSousK 
de^nbed for PI-3 virus by Shibuta */ a /. (1979). The protein band with an apparent mol wt of 

TZ m Tnm Z'lf^ T 1 to 3 * of the ProScomenTwi 

actin. I he 73000 and the 51000 mol. wt. bands we assign (by analogy with other 

paramyxovtruses as the HN and the F glycoproteins respective* (see C^&Com^l 
1975). These could be isolated by lentil lectin chromatography (Fig lb) and were thToTv 
polypeptides labelled with the galactose dxidasH>H]borohy^ 

Galactose ox.dase-borohydride 3 H -labeHed PI-3 virus was solubilized with Triton S'and 
applied to a sucrose gradient designed for isolation of protein micelles After cenSgaZ *t 

gradient (Fig. 2a). SDS-polyacrylamide gel electrophoresis showed that the HN and the F 
polypeptides were present in the lower peak (Fig. 2b, lane 2). The radioactivity on the too of the 
gradient probably represents ^-labelled glycolipids since little protZVasl^ The „on 

v rwe« aSKt WCre /° Und " T PellCt (Rg - U ' 13116 » WhSy^am^of 

The peak fractions 6 to 10 in Fig. 2(a) were pooled and concentrated by lvoohilization Th* 
sedimentation coefficient of the protein was detennined ^^^^^ZSi 
centnfugation. The average value was about 30S gradient 

?. ether thC PI " 3 ^y^P^in complexes were influenced by the lyophilization 

fZTZTii ^ v COnCentra i e th /, Pr0tein - A prCparation of protein compS oSS 
from 1 mg of P -3 virus was divided into two halves. One portion was concentrated bv vacuum 
dialysis in a collodion bag (SM 13200 Sartorius membrane filter) and the othe wa?dSd 
against 5 mM-Tns-Ha, 0015 M-NaC, pH 7-4 to remove the sucroseTA dialled mated aE 
lyophilized and dissolved in water. The lyophilized protein complexes had te sl" 
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(a) (b) 




Fig. 1. Polyacrylamide gel electrophoresis of PI-3 virus (Umea 23 strain) proteins in the presence of 
SDS. {a) Purified whole virus. Their apparent molecular weights are indicated (K = mol. wt. x 10 3 ). (b) 
HN and F glycoproteins isolated from the virus by lentil lectin chromatography. Protein stain was 
Coomassie Brilliant Blue. 

distribution when analysed in a sedimentation velocity gradient as the material subjected to 
ultrafiltration (not shown). Furthermore, the lyophilization procedure gave a much higher 
recovery of the protein than did ultrafiltratio^-during which variable amounts of the protein 
were adsorbed to the walls of the collodion bag. From 1 mg of total PI-3 virus protein 0- 1 3 mg of 
pure HN and F polypeptides could be recovered after lyophilization as protein micelles. After 
ultrafiltration the yields were about 50% lower. 

Electron micrographs of negatively stained preparations of the PI-3- vims protein complexes 
showed a radial arrangement of spikes protruding from a central core (Fig. 3), probably formed 
by the association of hydrophobic protein domains (see Simons et al., 1978). The overall 
diameter was 32 ± 3 nm. These complexes are similar in size and appearance to the glycoprotein 
micelles isolated from Sendai virus (Scheid et al.\ 1972; Simons et al y 1978). 

When 3 H-labelled PI-3 virus solubilized into Triton X-100 was centrifuged in a sucrose 
gradient containing Triton X-100 (the sucrose gradient in Fig. 2 did not contain detergent), two 
peaks containing the PI-3 virus surface glycoproteins were observed (Fig. 4 a). The more rapidly 
sedimenting peak had a sedimentation coefficient of 18S, and was enriched in the HN 
glycoproteins (Fig. 46, lane 3). The more slowly sedimenting peak had a sedimentation 
coefficient of about 4S, and was enriched in the F glycoprotein (Fig. 4b, lane 2). 
Recentrifugation of the 18S and 4S protein-TX complexes in sucrose gradients containing 
0 05% Triton X-100 showed that they were stable and did not convert into each other (not 
shown). 
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Fig 2. (o) Preparation of the 30S protein micelles from PI-3 virus labelled with nun u a - 1 
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Response of mice to vaccination 

We tested the immune response to the different preparations of the PI-3 virus glycooroteins in 
mice as expenmental animals. The experimental protocol is given in Table 7 S Stadv 
responses were measured with an ELISA technique weekly during the experimental nSdS 
by haemagglutmauon inhibition at the end of the experimental per^ 

Both of the multimeric forms, the 30S protein micelles and the 18S protein-TX Comdexes 

ietli i p ,mmUne reSp ° nSC in thc mice - Mt of the 30S pLeiTm celSTave a 
detectable IgG response amounting to about 40 ng of antibodies per ml of serum afterthe US* 

the ffeS .^X&S 2^ ^ m • »** lower response W^n 

of 1 8S orotein TX ZidZ ™ P m,Ce,les ,. was ^P*"* «° «»t induced by the same dose 
?.m. h / ^ , f 6 ^ hC reSp ° nSe to each P re P a ^tion was found to be similar both in the 

JSA^If oflS^- SeC ° ndary reSP ° nSe rCaChed ,eVC,S of about 1 «M TlgG 
antibodies per ml of serum. The immune response as measured by HI assay 6 weeks after the 

Z STsTL'r 1 ^ With ^ T CaSUred by thC ELISA test ' the ma ^m met 
tares being 1 28. The immune response was also measured in extracts of lungs and trachea at the 
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Fig. 4. (<?) Preparation of the 18S and 4S protein-TX complexes from PI-3 virus labelled with 
( 3 H]borohydride. Sedimentation is towards the left. For details see Methods, (b) Polyacrylamide gel 
electrophoresis in the presence of SDS. Lane I, PI-3 virus; lane 2, sample from the 4S peak; lane 3, 
sample from the 18S peak. Stain was Coomassie Brilliant Blue. 



end of the experimental period. An IgA response was detected in lung extracts from mice 
vaccinated with 1 and 10 ug of the 30S protein micelles and with 10 ug of the 18S protein-TX 
complexes. * 

Mice vaccinated with 5 ug of the 4S protein-TX complex showed no antibody response after 
the first vaccination (Fig. 6). After the v second vaccination they responded with low titres (mean 
8 fig IgG per ml of serum). A mixture of 4S protein-TX complexes with 18S protein-TX 
complexes seemed to lower the response lo4he multimeric spike protein form as was shown by 
mixing 2-5 ug of each of the two preparations prior to injection (Fig. 6). No response was 
detected after the first immunization, and after the second the response was as low as with 4S 
protein-TX complexes alone and clearly lower than after vaccination with 1 ug 30S protein 
micelles (Fig. 5). This shows that not only is the slowly sedimenting form of the virus surface 
glycoproteins poorly immunogenic, it also might suppress the antibody response to the 
multimeric form. The detergent itself has no suppressive effect since the 18S protein-TX 
complexes alone are highly immunogenic. 

Xhe experiments thus s howed that b oth the 30S protein micelles and the 18S protein-TX 
fipjapl fix are highly immunogenic inmice wnereas the 4^ prnteln-TV yomp l gx is a po or 
i m munogqn . ' 

Response of iambs to vaccination 

To test the efficiency of the PI-3 spike proteins in producing protective immunity in lambs, we 
used the virulent G2 strain to prepare the vaccine. We chose to focus on the 30S protein micelles 
since our previous studies with Semliki Forest virus had shown that this form of the spike 
proteins was an excellent vaccine. The first series of experiments was performed in SPF lambs 
with 30S protein micelles either alone or mixed with an oil adjuvant (Table 2). 

Following the first vaccination only those lambs receiving micelles in adjuvant developed 






Fig. 5. Antibody response in serum from BALB/c mice measured with «• ci ic a .„u • , « ■ 
immunization with 30S protein micelles as described toTaaTuS 7<aZ%S techm A ne foUow,n 8 

mean vaiues. Vertica. Hnes s^^datld^aSSd'T JS^^S^""^ 



anttbod,es detectable by ELISA or HI (Fig. 7 and 8). After the second vaccination there was a 
further rise ,n antibody litres, and a slight increase in titre by ELISA in thosSb S 

™cc^ WaS not stimu,ated 

k f hVC V,rUS el,C,ted a further rise in *™ antibody levels in aU 

lambs, this increase being particularly marked, by ELISA, in the animals vaccinated with 

c m hS: ge W,th ° Ut adjUVant lD UnV3CCinated ,3mbs l0W of aat ZT^ ^ after 

Response of lambs to challenge with PI-3 virus 
In this experiment (Table 2), the control lambs and lambs vaccinated with micella wi,h„»t 
adjuvant developed a mild respiratory illness and pyrexia as descriSl ^ ouTc> SI?? 

less 10 th,S ' ,ambS V3CCinated Wkh miceUes in ad J uvant deveK no Sg^s of 

daysXTno^S S" 5" " DVaCCinated ,am * for 6 days, with peak titres 3 to 5 

days after ^inoculation (Fig. 9). Virus was excreted from most lambs that received micelles 
without adjuvant, for a similar period and achieved similar titres. However of Tos? amb 
receiving micelles ,n adjuvant, only one lamb provided evidence of virus replication TWs group 
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Fig 6. Antibody response (mean values) in serum from BALB/c mice, measured with an ELISA 
technique following immunization with 5 ug 4S protein-TX complexes (#), 5 ug of the 18S protein-TO 

m, T k, S ( ?!? 2 5 ^ ° f la , ttCr mixcd With 2 5 « of the 455 P^in-TX complexes (A) as described 
in Table 1 (b); non-vaccinated controls are also shown (A). 
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Time after vaccination (weeks) 

Fig. 7. Antibody response in the IgG class in serum from lambs, measured with an ELISA technique 
following immunization with the 30S protein micelles. The animals were immunized as described in 
abl . e 2 +l Mean val . u f from four animals, non-vaccinated controls; 0 , mean value from seven animals 
vaccinated twice with 30S protein miceUes without adjuvant; mean value from six animals 
vaccinated twice with 30S protein micelles. Adjuvant was included in the first immunization. 

of lambs also showed reduced pneumonic lesions; two lambs had no lesions at all. The other 
vaccinated lambs had lesions as extensive as those in the control lambs. 

One further experiment was done using 25 Iambs to test whether higher doses of the 30S 
protein micelles alone induced a protective immune response. Two vaccinations of 25 and 50 ag 
protein respectively were given to two groups of lambs. The results were no better than with two 
doses of 15 ug 30S protein micelles alone. These experiments thus showed that a protective 
immune response could be induced in lambs by vaccination with the 30S protein micelles in oil 
adjuvant. Although lambs vaccinated with micelles without adjuvant developed only low titres 
of IgG antibodies and were not protected, the rapid rise in antibody titres following challenge 
with hve virus indicated the priming effect of such vaccination. 
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Fig. 8. Antibody response measured by haemagglutination inhibition in serum from lambs follow™ 
.mmumzauon with the 30S micelles. The animals were immunized as described £ Tab™ 2 ♦ Mean 
va ue from four animals, non-vaccinated contnrfs; «. mean value from seven animus ^ccinatedttTc" 
with 30S pro tern micelles without adjuvant; ■, mean value from six animals vaccinated I tw "e w^h 3ol 
protein micelles Adjuvant was included at the first immunization. The numbers in the SreTndicate 
the number of lambs that became seropositive. maicate 
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Time (days) after challenge 

Fig. 9. Recovery of PI-3 virus from nasal swabs after challenge (see Table 2) Group A (mi „„„ 
T bS i, 8,DUP B ^ ' ambS VaCCina * ed ,WiCC With P'° tein mice e?w"hou\ "uvZ" 
fmmunLSn VaCCmaUd ^ ™ ^ M * V * M was included * "* 



DISCUSSION 



With the possibility of producing the virus antigens responsible for induction of a protective 
EE KJ Jl b ^ 9 r !?T binant DNA technology or as synthetic antigens (Emtage & 
1980, Kletd e, a/., 1981 ; Lerner er ai, 1981 ; Muller e, a/., 1982), the interest in protein subunii 
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remains. Not only isitun^oS ^^ 

Cne^aration might contain enough toxic^nente ^ ^S^SSo^SSi 
problems one wants to avoid bv the u« nf cnH„„;* «w «, L - reactions, one of the 
analyse which fonn of J2 s^ace ^SX^S^^^^^ 10 
results with the PI-3 virus are essential M most 1 effic ^ en, as an immunogen. Our 
virus (Morein et al, M%£^FS£x f -ST ^ With SemIiki Forest 
poor immunogens, whwiSEZ^'^i k f0imS ° f the s P ike P roteins « 

P^tein micelles KmvShS Zu! SR mmm ^ In mi <* °' P« of 30S 
nrotein-TY ™ m „io„ *>r • 8 almost as high an immune response as 5 us of the 455 
protein TX complex. Moreover, n appeare d that the 4S protein-TX comnlexJ fr™« pi w 
c ould suppress bot h the IeM and IgB75 I f ^complexes from PI-3 vim« 



e mphasized that earlier studies w?h Sgg^ ^Sof^ * 
have shown that adjuvant also had to be included with thZ. v,rus / acc ' I ? es of M-3 vims 

preliminary immunobtottine iS3S2l !h JT* d, ^ rent Vlrus ^P^eins. However, 

Bonsdorff, 1976)Jm conSst to otvfo^fo^ t 7™ (Hefcniut & von 

(Laver & Valentine ^96? sST«/ P ^wu* miceUes of virus s P ike P^ins 

amphiphilic proteins', which !^&Zh£& JF!* ?™ •"""^ ap P ,icable to 
small hydrophobic pi domain S StaEfi ft! * h,1 i c u domain outside membrane and a 
make micelles o tKrfac JS?' ' haS bcen USed * us to 

stomatitis virus (Simons S.! mt^Zefa^Tm SS £ T T" and Vesicu,ar 
by Heinz & Kunz fl osm »„ . ■ * ,, ' 982) " ^ Procedure has also been used 

e^phautfs^ 

modified by Schneider */ a/ nSm tl ,i?p* ^ , P T S B Virus SUrface anti « en > and > somewhat 
advantage of the m-o^edul ^ 

during £^SSZSSy^' P u " ficat, ° n ° f the re,evant anti 8 e »" » achieved 
was decreased ^anTS^ 

— since host components ,*e actin cou.d tt^SE^^ 
addressed. ^raized and the problem of multimers versus monomers properly 
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Glycoproteins of human parainfluenza virus type 3: characterization 
and evaluation as a subunit vaccine. 

Ray R, Brown VE, Compans RW. 

The envelope glycoproteins of human parainfluenza type 3 virus were characterized 
by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and reactivity with 
specific monoclonal antibodies. The molecular weight of the hemagglutinin- 
neuraminidase (HN) glycoprotein was found to be 72,000, and the fusion (F) 
glycoprotein appeared to consist of 74,000 (F0) or 56,000 (Fl) species. Envelope 
glycoproteins were solubilized with octyl-glucoside and, after removal of the 
detergent by dialysis, were used for immunization of hamsters. Other animals were 
immunized with a formalin-inactivated preparation of whole virus. A single 
subcutaneous immunization with these antigen preparations induced a serum 
antibody response to the HN and F glycoproteins, as determined by plaque 
neutralization, hemagglutination inhibition, inhibition of virus-induced cell fusion 
and immune precipitation tests. An IgG antibody response to both glycoproteins was 
also observed in bronchial washings. Animals immunized with the highest dose of 
envelope glycoproteins showed complete protection from challenge infection 
whereas immunization with inactivated virus did not completely protect animals. 

PMID: 2999259 [PubMed - indexed for MEDLINE] 
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Virus Type 3 by Recombinant Vaccinia Viruses: Contributions of 

the Individual Proteins to Host Immunity 
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gene of vaccinia virus (WR strJTZ^the 2^ n ?^^T W J re , ,nserted int ° thymidine kinase 
recombinant vaccinia vhW^Staiated 'vJS„£ XL P7.5early.late vaccinia virus promoter. The 
that appeared InTautKc ^S^lL^S^JS^T'S!' ST* 8 *" to <*« culture 

surface^ression.and.into^ . b ^! "^ age ' dectrophoretic mobility, cell 

with vaSola-HN ^^^ ^^t^^^ ^^J^^ 
infection with PIV3, whereas animals receiving vacdnlTr had fhS/.° lnd " C Si by ^P^ry tract 
single immunization with either recombS^wTri™?? ' 0 1 wer ^utralking antibody titers. A 

respiratory tractof these aSS^ZS 2 nSt^, .t nearly COmplete distance «n the lower 
with vacSia-HN orTcc"^ 

lively. This large difference (>5o5E)b r2Sh7„ " P "a jCSS-tL 3> ° >D " toM 6 - f ° W ' reSpec * 
contrast to the relatively modest dm**m*rE*% V V3re P ,,caUon in the upper respiratory tract was in 

vaccinla-HN versuniiT^SusSSoi aDtlbod >' « te « '^uced by 
suggested that ImmunSyT PTV3k coS J™,!^ °' n ? utraBzl ?8 antibodies and protection 

antibodies make imporU TtrmuTnf£ ^S^Z^tZ^nT" ^ 
conditions, vaccinia-HN Induced a substantially more Sl-J^^E^iS^ 



Human parainfluenza virus type 3 (PIV3), a member of the 
tamily Paramyxoviridae, is second only to respiratory 
syncytial virus (RSV) as a primary cause of severe lower 
respiratory tract disease in children under 1 year of age (4) 
Older children and adults are frequently reinfected, resulting 
in less severe upper respiratory tract (URT) illness. The 
virus occurs worldwide, and virtually all childrenare in- 
fected by age 4 (4). 

Attempts to develop an effective PIV3 vaccine have been 
largely unsuccessful. Field evaluations of killed PIV3 vac- 
cines demonstrated an increase in virus-specific serum anti- 

d? ea ;em^ e i eS T h with - ut Si ^ ificant protection a « ainst 

aisease (11, 28, 44). The primary immunogens of PIV3 are its 

^"5 f\t\e\\ ^ • . 

F protein, (Mr 60,000 to 
W.WW), mediates viral penetration, hemolysis, and syn- 
cytium formation, which is a characteristic cytopathic effect 

2? im P° rtant in c*«B spread (5, 13, 21, 33, 43, 

46}. The F protein is synthesized as an inactive precursor F n 
which is activated by proteolytic cleavage into two disulfide- 
hnked subunits, F, and F 2 (12, 25, 36). The second surface 
glycoprotein, HN (M 69,000 to 72,000), is responsible for 
viral attachment and exhibits both hemagglutination and 
neuraminidase ^activities (13, 33, 35, 43, 46). Ray et al. have 
shown that subcutaneous inoculation of hamsters with solu- 
buized envelope glycoproteins can protect their I wer respi- 
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ratory tract against challenge with PIV3 (32). However 
immunization with the individual glycoproteins has not been 
described, and the relative contributions of the individual 
unSwn te,nS eU ° itin8 a P rotective immune response was 

• ™ e development of techniques for producing live vaccinia 
vims (VV) recombinants expressing foreign genes has pro- 
vided a novel method for studying immune responses to 
individual proteins (19). Several viral surface aniens, in- 
cluding those of the pneumovirus RSV, have been success- 
fully expressed by W recombinants and shown to elicit 
a I % » neut , rali2 j n 8 antibodies in experimental animals 

a ili, e v ' nucleotide sequences of the PIV3 F 
and HN mRNAs were determined from virion RNA and 
cDNA clones (8, 41). We have constructed cDNAs which 
contain the complete coding regions of the F and HN protein 
genes under the control of the early-late P7.5 VV promoter 
and we tave inserted each of these genes into the thymidine 
kinase (TK) gene of the WR strain of W. The resulting 
recombinants, designated vaccinia-F and vaccinia-HN, were 
then used to inoculate cotton rats, an experimental animal 
permissive for PIV3 infecti n. In this paper, we describe (i) 
the expression of the F and HN glycoproteins by VV 
recombinants in cell culture, (ii) the development of serum 
neutralizing antibodies to both F and HN glycoproteins by 
cotton rats inoculated with vaccinia-F or vaccinia-HN (Hi) 
the induction by either VV recombinant of resistance to 'viral 
replication in the lower respiratory tract (LRT) f cotton rats 
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challenged with PIV3, and (iv) a 500-fold greater restriction 
of PIV3 replication in the URT of animals previously immu- 
nized with vaccinia-HN compared with those immunized 
with vaccinia-F, despite the development of only a 3-fold 
greater neutralizing antibody titer by the vaccinia-HN group. 

MATERIALS AND METHODS 

Viruses and cells. Purified stocks of VV (WR strain) and 
recombinant VV were prepared from infected CV-1 mono- 
layers as described previously (9). PIV3 strain 47885 was 
plaque purified three tunes and propagated in HEp i 2 cells. 
Assays for biological activity of expressed proteins were 
performed in HEp-2 cells. Recombinant VV vSC-14 (3) 
c ntains the hepatitis B virus surface antigen gene under the 
control of the P7.5 promoter and was used as a negative 
control. 

Construction of W recombinants. Two previously de- 
scribed overlapping F cDNA clones were cut at a unique 
BgH site and ligated to form a complete cDNA of the F 
mRNA (41). To remove noncoding sequences and 
homopolymer tails, F and HN cDNAs were inserted into the 
Pstl sites of pTZ18R (Pharmacia Fine Chemicals, Pis- 
cataway, N.J.) and the replicative form of M13 mpl8, 
respectively. A single-stranded template for mutagenesis 
was prepared according to the supplier's protocols for 
pTZ18R and conventional methods for M13. Oligonucleo- 
tide-directed mutagenesis (49) was utilized to introduce 
BamHl sites within 3 to 6 nucleotides of the translational 
initiation and termination sites. The oligonucleotides (which 
were antisense) were as follows, identified according to gene 
and gene end, with the BamHl sites and termination or 
initiation codons in boldface type: F-3\ 5'TAGAGTCGAC- 
CTGCAGGATCCCTGTCATTTGTTTGTTAAT; F-5', 5T- 
ATTGAGGTTGGCATGATGGATCCATGCAAGCTTGGC- 
ACT; HN-3\ 5 'GTGCC AAGCTTGC ATGG ATCCTTATG- 
ATT AACTGC AGCTTGG ; HN-5', 5'CCAGTATTCCATCT- 
CGGATCCCCGGGTACCGAGCTCG. 

After the mutagenesis, the sequences of the HN and F 
cDNAs were confirmed in their entirety by dideoxy- 
nucleotide sequencing with synthetic oligonucleotides as 
primers (48). v 

C nstruction of the W recombinants. The resected F and 
HN cDNAs were isolated by digestion with BamHl, made 
blunt ended with T4 DNA polymerase, and inserted into the^ 
Smal site of the VV plasmid coexpression vector pSCll (3). 
Features of this construct include the following: (i) the 
foreign cDNA is under the control of the early-late VV 
promoter P7.5; (ii) the vector contains the Escherichia- colt 
(3-galactosidase gene under the control of the late VV 
promoter Pll; and (iii) both chimeric genes are flanked by 
VV TK gene sequences. Upon transfection of VV-infected 
cells, the TK gene sequences direct homologous recombina- 
tion into the TK locus of the VV genome, yielding live 
recombinant VV that are identified coiorimetrically by the 
presence of 0-galactosidase activity. Methods for obtaining 
such recombinants have been described in detail (3, 9). The 
mRNAs expressed from the chimeric 7.5K-F and 7.5K-HN 
genes would each contain a 5' noncoding sequence of 52 
nucleotides consisting of 44 nucleotides representing the 
start of the VV 7.5K mRNA, 5 nucleotides representing the 
filled-in BamHl site, and the original 3 PIV3-specific nucle- 
otides preceding the PIV3 translational start codon (3, 9, 38). 
In comparison, F and HN mRNAs expressed by PIV3 
contain 5' noncoding regions of 193 and 73 nucleotides, 
respectively (8, 40, 41). 



Radiolabeling and immunoprecipitation f PIV3-infected 
cell lysates. CV-1 cells were infected with VV recombinants 
(30 PFU per cell) for 2 h and then intubated for 4 to 6 h with 
20 uCi of [ 35 S]methionine per ml or 16 h with 50 u,Ci of 
[ 3 H]glucosamine per ml. Similar conditions were used to 
label cells infected with PIV3 (5 PFU per c U), except that 
the labeling period for [ 35 S]methionine was 24 to 28 h 
postinfection. Infected cell lysates were prepared as de- 
scribed previously (26), and immunoprecipitations were car- 
ried out with anti-PIV3 hyperimmune cotton rat sera and 
protein A-Sepharose (Sigma Chemical Co., St. Louis, Mo.). 
Samples were boiled in electrophoresis sample buffer with or 
without 2-mercaptoethanol and analyzed by 10% sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (18). 

Indirect immunofluorescence. CV-1 cells were grown on 
glass cover slips and infected with 1 PFU of PIV3 or a VV 
recombinant per cell. Cells were incubated for 24 h and fixed 
with 3% (vol/vol) Formalin in phosphate-buffered saline for 
cell surface immunofluorescence. Fixed cells were reacted 
sequentially with anti-PIV3 hyperimmune cotton rat serum, 
rabbit anti-cotton rat serum, and goat anti-rabbit immuno- 
globulin G fluorescein-conjugated antibody (Cooper Bio- 
medical, Inc., West Chester, Pa.) (27). 

Immunological response to immunization and protective 
efficacy. Young adult cotton rats (Sigmodon fulviventer) 
were immunized by intradermal (i.d.) inoculation with one or 
both VV recombinants (10 80 PFU each) or by intranasal 
(i.n.) inoculation with PIV3 (10 60 PFU); 28 days after 
immunization, animals were bled and then challenged with 
PIV3 i.n. (10 50 PFU). Animals were sacrificed 4 days after 
challenge, at the peak of PIV3 replication in the respiratory 
tract (unpublished observation). PIV3 specific antibody re- 
sponses were measured by an enzyme-linked immunosor- 
bent-assay (ELISA) with purified PIV3 as the antigen (31). 
Hemagglutination inhibition assays were performed as de- 
scribed previously (6). PIV3 serum neutralizing antibody 
titers were determined by a complement-enhanced 60% 
plaque reduction neutralization assay. PIV3 titers in the 
nasal turbinates and lungs were determined by 50% tissue 
culture-infective dose (TCID*)) assays. Each assay was done 
in MK-2 cells and included two wells per dilution. The 
minimum level of detectability was determined by using 
serial 10-fold dilutions of homogenates in a 500-uJ inocula- 
tion volume. Detectable virus in a single well receiving the 
lowest (10°) dilution of a 10% (wt/vol) homogenate permitted 
a minimum level of detectability of 10 1:3 TCID 50 per g of 
tissue. No detectable virus in either well of the lowest 
dilution of homogenate represents a value ^10° 8 TCID50 per 
g of tissue. 



RESULTS 

Expression of the F and HN glycoproteins by W recombi- 
nants. To examine the intracellular expression of PIV3 
glycoproteins by the VV recombinants, CV-1 cells were 
infected with vaccinia-F or vaccinia-HN, and radiolabeled 
cell lysates were prepared and analyzed by immunoprecipi- 
tation with anti-PIV3 hyperimmune cotton rat serum (Fig. 

Polyacrylamide gel electrophoresis under reducing condi- 
tions (Fig. 1, lanes d through h) identified the F 0 precursor 
(Af r -60,000) and the F x subunit (M r -51,000), but did not 
resolve the F 2 subunit (Af r -9,000). Under n nreducing 
conditions (Fig. 1, lanes a through c), the F protein ex- 
pressed by both vaccinia-F and PI V3 migrated as two closely 
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FIG. 3. Indirect cell surface immunofluorescence of VV recombinant infected cells. CV-1 cells were grown on glass cover slips and 
infected (1 PFU per cell) with PIV3 (A), vaccinia-F (B), vaccinia-HN (C), or VV vSC-14 (D). At 24 h postinfection, cells were .fixed in 3% 
Formalin in phosphate-buffered saline for 15 min at room temperature. Fixed cells were incubated for 30 min at 37°C with anti-PIV3 
hyperimmune cotton rat serum, washed, incubated for 30 min at 37° with a rabbit anti-cotton rat serum, Washed, and incubated for 30 min 
with a goat anti-rabbit immunoglobulin G fluorescein-conjugated antibody. 



Murphy, P. L. Collins, M. Buller, and B. Moss, unpublished! 
data) and high titers of serum antibodies specific to the^ 
expressed foreign protein (27) (Table 1), indicating that an 
active VV infection had followed the inoculation. For com- 



TABLE 1. Serum antibody response of cotton rais to PIV3 
infection or recombinant VV inoculation 0 



Immunization 
(route) 



Dose 
(PFU) 



No. of 
animals 



Reciprocal geometric 
mean serum antibody 
titer 



ELISA 6 



Neutrali- 
zation 



HI" 



PIV3 (i.n.) 


10 6 


18 


7,525 


1,326 


145 


Vaccinia-F (i.d.) plus 


10 8 , 10 8 


17 


8,018 


1,069 


67 


vaccinia-HN (i.d.) 












Vaccinia-HN (i.p\) 


10 8 


15 


4,889 


1,391 


122 


Vaccinia-F (i.d.) 


10 8 


15 


1,940 


459 


£2 


VV vSC-14 (i.d.)' 


10 8 


17 


501 


<11 


£2 



a Serum was collected from all groups 28 days postimmunization. . 

* Purified PIV3 virions were used as the solid-phase antigen. The ELISA 
titer in VV vSC-14 control group was concluded to be nonspecific binding of 
VV-induced antibodies (see text). The mean preimmunization ELISA titer of 
control group was 1:127. 

r Measured by 60% plaque reduction neutralization assay. 

d Dilution that inhibits erythrocyte agglutination by four agglutinating units 
of virus. 

' VV recombinant expressing hepatitis B virus surface antigen. 



parison, other animals were inoculated i.n. with PIV3, which 
results in a self-limiting, asymptomatic respiratory tract 
infection that confers complete protection against reinfec- 
tion (G. A. Prince, manuscript in preparation). Animals were 
bled 28 days postinoculation, and the sera were assayed for 
PIV3 antibodies by plaque reduction, hemagglutination inhi- 
bition (HI) assay, and ELISA with purified virus as the 
antigen (Table 1). 

Sera from animals receiving both VV recombinants exhib- 
ited an ELISA titer equal to that of sera from PIV3-infected 
animals, whereas animals that received vaccinia-HN or 
vaccinia-F alone had titers that were 1.5- and 4-fold lower, 
respectively. Because the antigen for ELISA was whole 
virus, the titer of sera from PlV3-infected animals would 
represent reactivity with multiple viral antigens. Animals 
which received the VV control vSC-14 also exhibited a slight 
rise in PIV3-reactive ELISA titer when compared with 
preimmunization sera of this group (Table 1). This response 
might be due to nonspecific immune stimulation by VV or to 
a low level of cross-reactivity by VV-specific antibodies. 

Infection with vacciriia-HN induced levels of PIV3 spe- 
cific serum neutralizing antibodies that were equal to that 
induced by infection with PIV3. In contrast, vaccinia-F 
infection induced threefold lower neutralizing antibodies 
than did vaccinia-HN r PIV3 infection. Animals Which 
received both vaccinia-F and vaccinia-HN had titers of 
serum neutralizing antib dies that were not significantly 
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TABLE 2. Response of cotton rats to PIV3 challenge* 



Recovery of virus from respiratory tract tissues 



Immunization (route) 


Dose 
(PFU) 


No. of 
animals 


% With 
detectable 
virus 


Nasal turbinates 

Mean titer ± 
SEM (logio 
TCID^g)* 


Reduction hi 
titer Oogio^ 


PIV3 fi.n.) 


10 6 


12 


0 


^0.8 ± 0.0* 


^3.9 


Vaccinia-HN (i.d.) 


10 8 


11 


36 


1.2 ± 0.2 


3.5 


Vaccinia-F (i.d.) 


10 8 


11 


100 


3.9 ± 0.2 f 


0.8 


VV vSC-14 (i.d.) 


10 8 


11 


100 


4.7 ± 0.2 



Lungs 



% With 
detectable 
virus 



Mean titer ± 
SEM (logio 
TCIIWg)* 



0 
9 
18 
100 



i0.8 
1.0 
0.9 
4.2 



CO* 
0.2* 
0.1 rf 
0.2 



Reduction in 
titer (logiojr 



£3.4 
3.2 
3.3 



* Animals were challenged 28 days postimmuni2ation with 10 50 PFU of PIV3 i.n. Animals were sacrificed 4 days later 

* Minimum level of detectabOity was 10" TCIDWg (see Materials and Methods). 

c Compard with W vSC-14 control group. ■; 
d P< 0.001 compared with W vSC-14 control group by Student's / test. 

* P < 0.02 compared with W vSC-14 control group by Student's t test. 



different from animals receiving vaccinia-HN alone or PIV3 
by i.n. infection. 

The glycoprotein specificity of the serum antibodies also 
was examined for the ability to inhibit hemagglutination by 
purified PIV3. Inoculation with vacciniarHN induced HI 
titers which were similar to those induced by PIV3 infection 
(Table 1). Vaccinia-F or vSC-l4^specific sera exhibited es- 
sentially no detectable HI activity. Sera from animals receiv- 
ing both recombinants exhibited an HI titer that was twofold 
lower than that seen for sera from PIV3- of vaccinia-HN- 
infected animals, perhaps reflecting a slightly decreased 
immune response to the HN protein when the VV recombi- 
nants were administered together. 

Protective efficacy of vaccinia-F and vaccinia-HN. To test 
the ability of the W recombinants to confer protective 
immunity, the groups of cotton rats described above were 
challenged with 10 5 * PFU of PIV3 i.n. 28 days postimmuni- 
zation. Four days later, animals from each group were 
randomly chosen and sacrificed, and the levels of virus 
replication in the nose and lungs were measured (Table 2). 
Control animals inoculated with vSC-14 (a negative control) 
supported the replication of 4.2 logio units of virus per g of 
lung tissue and 4.7 logio units of virus per g of nasal turbinate 
(Table 2), levels comparable to those of unvaccinated ani- 
mals (data not shown). Animals vaccinated i.n. with PIV3 
showed no detectable virus growth in either the LRTOrv. 
URT. Animals receiving vaccinia-HN showed nearly com- 
plete protection of the LRT and greatly reduced (3,000-fold) 
virus replication in the URT. Animals receiving vaccinia-F 
also showed nearly complete protection of the LRT, but had 
less protection (sixfold reduction in virus titer) of the URT. 
The level of PIV3 replication in cotton rats receiving both 
vaccinia-F and vaccinia-HN recombinants was similar to 
that in animals which received vaccinia-HN alone (data not 
shown). Thus, under the conditions of this study, the pro- 
tection conferred by vaccinia-HN exceeded that conferred 
by vaccinia-F. 

DISCUSSION 

Recombinant VV were constructed which carry the com- 
plete coding sequences for either the PIV3 F or HN gene 
under the control of the early-late P7.5 VV promoter. These 
recombinants expressed HN and F proteins in cell culture 
which appeared to be authentic with resp ct to electropho- 
retic mobility, proteolytic processing, glycosylation, anti- 
genic specificity, and, in the case of the HN protein, biolog- 
ical activity. The proteins were expressed at the surface of 



recombinant-infected cells, as well as intraceilulariy, in an 
abundance equal to or greater than that found in PIV3- 
infected cells. 

Immunization of cotton rats with the VV recombinants 
established that each of the two PIV3 glycoproteins admin- 
istered individually can induce a vigorous immune response 
that provides substantial protection against PIV3 infection. 
A single i.d. inoculation of cotton rats with vaccinia-F or 
vaccinia-HN induced high levels of PIV3-specific serum 
antibodies. Vaccinia-HN was found to stimulate a 2.5-fold 
higher titer of PIV3-specific serum, antibodies (as measured 
by ELISA) and a 3-fold higher neutralizing antibody titer (as 
measured by 60% plaque reduction Of PIV3) than did vac- 
cinia-F. The LRTs of both groups of cotton rats were almost 
completely protected against challenge with PIV3. The 
URTs of immunized cotton rats, however* differed in the 
level of immunity induced by the two recombinant viruses. 

This incomplete protection in the URT permitted a com- 
parison of the relative abilities of vaccinia-HN and vaccinia- 
F to restrict replication of PIV3 in vivo. Animals receiving 
vaccinia-F exhibited a 6-fold reduction of virus growth in the 
URT compared with control animals, whereas the URT of 
the vaccinia-HN group exhibited a greater than 3, 000-fbld 
, reduction in detectable virus. Thus, although vaccinia-HN 
induced only a 3-fold greater level of serum neutralizing 
antibodies than did vaccinia-F, it conferred a 500-fold 
greater level of protection in the URT. This suggested that 
immune mechanisms in addition to serum neutralizing anti- 
bodies were involved in the protective immunity. These 
additional mechanisms could include cellular immune re- 
sponses as well as the stimulation of antibodies that are 
protective in vivo but do not neutralize viral infectivity in 
yitro, as have been described for influenza A and Sindbis 
viruses (16, 23, 37, 42). The observation that neither W 
recombinant conferred complete protection in the URT was 
not unexpected because the i.d. route of administration 
presumably would not have stimulated local immune re- 
sponses in the respiratory tract (29, 30). 

Studies of influenza virus infections in humans have 
shown that a direct correlation exists between the level of 
virus replication in the URT and manifestation of clinical 
symptoms. Although this correlation has not been shown 
conclusively for PIV3, by analogy with influenza virus a 
reduction of 3,000-fold in virus replication in the URT as 
observed in animals immunized with vaccinia-HN would be 
expected to significantly diminish illness. Additionally, for 
RSV, serious disease is associated with viral replication in 
the LRT, and a similar situation probably exists for PIV3. 
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The high level of protection of the LRT conferred by both 
the W rec mbinants would be expected to block serious 
viral disease, whereas the level of protection of the URT 
afforded by vaccinia-HN would permit reduced levels of 
PIV3 replication, thereby boosting immunity in the respira- 
tory tract without the development of serious illness. 

Recently, the expression and protective efficacy of VV 
recombinants containing the fusion (F) glycoprotein and 
putative attachment glycoprotein (G) of RSV have been 
described for the cotton rat model system (9, 27). The RSV 
F protein is analogous in structure and function to the PIV3 
F protein, and the two proteins share moderate amino acid 
sequence homology (41). The RSV G protein is thought to be 
the attachment protein and therefore would be analogous to 
the PIV3 HN protein, but it lacks hemagglutinin and neur- 
aminidase activities and does not share amino acid sequence 
homology with the PIV3 HN protein. In the cotton rat 
system, RSV vaccinia-F elicited a sixfold higher titer of 
neutralizing antibodies than did RSV vaccinia-G and pro- 
vided greater resistance to replication in both the lungs and 
noses of immunized animals (27). Thus, for RSV, the F 
protein appeared to be significantly more immunogenic and 
protective than the G protein. In contrast, in the present 
study, recombinant W expressing the HN protein, the PIV3 
counterpart to the G protein, induced a moderately higher 
level of serum neutralizing antibodies and a much higher 
level of protection in the URT than did recombinant VV 
xpressing the PIV3 F protein. One possible explanation for 
the apparent lower immuhogenicity of RSV G might be its 
high carbohydrate content, most of which is likely present in 
multiple, small, O-linked side chains that might interfere 
with immune recognition (34, 47). 

In tissue culture, monospecific antiserum against the For 
HN proteins of simian virus 5 were effective individually in 
neutralizing the infectivity of released virus, but only anti-F 
antibodies were effective in preventing viral spread by 
cell-to-cell fusion (21, 22). As is the case for simian virus 5, 
rapid and extensive cell-to-cell fusion is a prominent 
cytopathic effect of PIV3 in tissue culture. These observa- 
tions suggested that immunity against the HN protein alone 
might be less protective than immunity against F. However, 
for PIV3, the observed result (Table 2) was that immuniza- 
tion with either VV recombinant alone was highly protec- 
tive, and that vaccinia-HN appeared to be more rather than 
less protective than vaccinia-F. 

Attempts at immunoprophylaxis in humans for parainflu- 
enza viruses as a group have met with discouraging results. 
Field trials with Formalin-inactivated RSV or measles vac- 
cine failed to demonstrate protection against disease (11, 44). 
Paradoxically, LRT disease of RSV vaccinees and febrile 
illness and rash in measles Virus vaccinees actually was 
enhanced over that observed in unvaccinated persons during 
subsequent natural infection (10, 15, 17). Thus, the possibil- 
ity of disease enhancement after vaccination against parain- 
fluenza viruses is a realistic and serious concern. Recently, 
RSV disease enhancement in human vaccinees was corre- 
lated with an unbalanced immune response, in which vac- 
cinees developed a high titer of circulating antibodies that 
bound viral protein efficiently (as measured by ELISA) but 
failed to neutralize viral infectivity effectively (as measured 
by plaque reduction) (24). In contrast, the serum antibodies 
induced by the PIV3 vaccinia-F and vaccinia-HN recombi- 
nants was balanced with regard to ELISA, HI, and neutral- 
izing titers relative to antibodies induced by viral infection. 
However, it will be important to resolve the possibility of 
. disease enhancement by direct examination of pulmonary 
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pathology in immunized, challenged animals. This will also 
resolve the question of whether antibodies against HN in the 
absence of antibodies against F can induce disease enhance- 
ment (21). 

PIV3 and RSV disease is most severe in the very young (2 
to 8 months of age). Thus, recipients for any PIV3 6r RSV 
vaccine will have significant levels of maternally derived 
antibody. Because the general population is no longer ex- 
posed or generally immune to variola virus or VV (14, 38), 
maternal antibody should lack anti-VV activity. Thus, VV 
has a unique advantage as a vector for immunoprophylaxis 
of the very young. Maternal antibody might also suppress 
the immune response to the expressed PIV3 or RSV anti- 
gens, a potential problem for any parehterally administered 
vaccine. The use of a replicating agent such as W recom- 
binants might overcome this effect. The major obstacle to 
the use of recombinant VV in humans is the occasional 
occurence of postvaccination complications (1). It remains 
to be seen whether further developments, such as the 
reduction in virulence associated with the TK~ phenotype of 
VV recombinants (2), can reduce these hazards to an accept- 
able level. Alternately, the use of other recombinant viral 
vectors, such as adenovirus (7), could be investigated. The 
VV recombinants described here represent useful reagents 
for further analysis of host immunity to PIV3 and for testing 
the general usefulness of live recombinant viruses as vac- 
cines. 
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Expression of biologically active and antigenically authentic parainfluenza 
type 3 virus hemagglutinin-neuraminidase glycoprotein by a recombinant 
baculovirus. 

van Wyke Coelingh KL, Murphy BR, Collins PL, Lebacq-Verheyden AM, Battey JF. 

Laboratory of Infectious Diseases, National Institute of Allergy and Infectious Diseases, 
Bethesda, Maryland 20892. 

The hemagglutinin-neuraminidase (HN) gene of human type 3 parainfluenza virus has been 
inserted into a baculovirus expression vector under the control of the polyhedrin promoter. 
HN protein produced in insect cells by the recombinant baculovirus appeared to be 
glycosylated, was transported to the cell surface, and was biologically active. All of the HN 
epitopes previously mapped functionally to a region(s) involved in neuraminidase and/or 
hemagglutination activities were conformationally unaltered on the recombinant protein. 
The HN produced in this system also induced a protective immune response in immunized 
cotton rats. From these studies we conclude that the HN expressed in insect cells represents 
a source of authentic HN glycoprotein suitable for structural analysis and immunization. 
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